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Utilization of waste materials in civil engineering applications has been 
documented as an effective method to preserve environment and natural resources. 
One of the well-known waste materials is steel slag aggregate, which is a by-
product of steel manufacturing. However, volume instability and high density are 
the main drawbacks of using steel slag aggregates. In this study, steel slag 
aggregates were immersed in water for six months to minimize the free lime and 
free magnesia content, which are mainly responsible for the volume instability. 
Furthermore, the granite aggregates were replaced by electric arc furnace (EAF) 
steel slag aggregate with different proportions to identify the suitable substitution 
in terms of superior performance. Subsequently, the asphalt mixtures incorporated 
the appropriate proportion of the steel slag aggregates were reinforced with 
polyvinyl alcohol (PVA), acrylic, and polyester fibers at different dosages of 0.05, 
0.15, and 0.3% by weight of the aggregates, respectively. The conducted 
performance tests were resilient modulus, dynamic creep, rutting depth, moisture 
susceptibility, and cracking resistance. The findings of this study showed that the 
free lime and free magnesia content in the treated steel slag aggregate have 
significantly decreased. On the other hand, the asphalt mixtures incorporated 
coarse steel slag aggregate exhibited the best performance than the other 
substitutions. Furthermore, introducing synthetic fibers have dramatically 
enhanced the cracking resistance. The higher the fiber content, the higher the 
resistance to cracking. Additionally, the outputs of the permanent deformation 
tests showed that as the fibers dosages increase, the deformation increases due to 
the densification. Moreover, the asphalt mixtures performance incorporating 
0.15% of synthetic fibers possesses the ability to decrease the thickness of the 
asphalt layer by about 10%. In conclusion, improving the performance of asphalt 
mixtures through utilization of steel slag aggregate and synthetic fibers is a 















 Penggunaan bahan sisa yang diaplikasikan dalam bidang kejuruteraan awam telah 
direkodkan sebagai satu kaedah yang berkesan untuk memelihara alam sekitar dan 
sumber semula jadi. Salah satu daripada bahan sisa yang terkenal adalah agregat sanga 
keluli, yang merupakan hasil sampingan pembuatan keluli. Walau bagaimanapun, 
ketidakstabilan isi padu dan ketumpatan tinggi adalah kelemahan utama yang 
dikenalpasti dalam penggunaan agregat sanga keluli. Dalam kajian ini, agregat sanga 
keluli telah direndam di dalam air selama enam bulan untuk mengurangkan jumlah 
kapur bebas dan kandungan magnesia bebas, yang terutamanya bertanggungjawab 
terhadap ketidakstabilan isi padu. Tambahan pula, agregat granit telah digantikan oleh 
agregat sanga keluli daripada relau arka elektrik (EAF) dengan perkadaran yang 
berlainan untuk mengenal pasti penggantian yang sesuai dari segi pencapaian prestasi. 
Selepas itu, jumlah campuran asfalt yang sesuai telah dimasukkan Bersama agregat 
sanga keluli yang diperkuat dengan polivinil alkohol (PVA), akrilik, dan serat poliester 
pada dos yang berbeza iaitu 0.05, 0.15, dan 0.3% daripada berat agregat. Ujian prestasi 
yang dijalankan adalah modulus berdaya tahan, rayapan dinamik, kedalaman rut, 
kerentanan kelembapan, dan rintangan retak. Penemuan kajian ini menunjukkan 
bahawa kandungan magnesia dan kapur bebas dalam agregat sanga keluli yang dirawat 
telah berkurangan. Sebaliknya, campuran asfalt yang dipadankan dengan agregat terak 
keluli kasar menunjukkan prestasi yang terbaik. Selain itu, pengenalan serat sintetik 
telah menunjukkan peningkatan yang ketara ke atas rintangan retak. Semakin tinggi 
kandungan serat, semakin tinggi rintangan untuk retak. Di samping itu, hasil ujian 
ubah bentuk kekal menunjukkan bahawa apabila dos serat bertambah, perubahan 
bentuk akan meningkat disebabkan oleh densifikasi. Selain itu, prestasi campuran 
asfalt yang menggabungkan 0.15% gentian sintetik mempunyai keupayaan untuk 
mengurangkan ketebalan lapisan asfalt sebanyak kira-kira 10%. Kesimpulannya, 
meningkatkan prestasi campuran asfalt melalui penggunaan agregat sanga keluli dan 
serat sintetik adalah satu pendekatan yang berjaya dari segi melanjutkan hayat 
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CHAPTER 1 
INTRODUCTION 
1.1 Introduction  
Sustainable practices become a major focus concerning utilizing the waste materials due 
to the extensive use of natural resources in the construction and pavement projects. In 
addition, increasing costs of the raw materials for civil engineering applications 
prompted engineers and researchers to look for the industrial wastes as alternative 
resources. One of the well-known waste materials is steel slag, which is a by-product 
from the industrial steel manufacturing process, either by melting of iron in the basic 
oxygen furnace (BOF) or through melting of scrap in the electric arc furnace (EAF).  
Steel slag aggregates have been used in the asphalt mixtures for many decades, as long 
as the performance of the mixtures incorporated steel slag comparable or better than the 
mixtures containing natural aggregates (limestone, granite, etc.) concerning of the 
resistance of the mixtures to permanent deformation, cracking resistance, and stripping 
damage. In addition, steel slag aggregates are characterized by its porosity, angularity, 
hardness, and rough-textured, which makes the steel slag aggregates superior to the 
other waste materials in the asphalt mixtures. According to the researchers Ahmedzade 
& Sengoz (2009) and Kehagia, (2009) the mechanical properties of the steel slag 
aggregates offer asphalt mixtures with superior performance regarding the permanent 
deformation resistance and cracking resistance, this is because of the angularity and 
hardness of the steel slag aggregate that provides a stellar interlocking. The hardness of 
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